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ABSTRACT 

Microcomputers are already in a majority of American 
schools, but little is known about their integration into the school 
curriculum. This study examines the features of an elementary 
school — Skyline School in the South San Francisco Unified School 
District (California) — that have contributed to the successful 
integration of computers in its curriculum. Because implementation of 
computers must be seen both as an educational innovation and as a 
distinct educational technology, their successful integration in the 
curriculum requires unique site, district, and regional supports. 
Other features conducive to the success of the program have been a 
favorable school climate, ongoing tea -her training, and active 
promotion by the principal. The analysis concludes with district and 
regional policy implications of this example, including issues such 
as hardware and software acquisition and adequacy, articulation of 
the curriculum, and provision of' training, maintenance, and ongoing 
help. An appendix provides a methodological note on the case study. 
References are included. (Author/TE) 
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Abstract 



Microcomputers ara already in a aajority of American schools, but 
littU ia known about thair integration into tha school curriculum. 
This paptr exeaines tha faaturaa of an elementary achool which 
contribute to tha successful Integration of coaputara in tha 
curriculum. Because implementation of coaputara auat ba aaan both aa 
an aducational innovation and aa a diatinct aducational technology, 
thair auccaaaful intagration in tha curriculum raquiraa unique site, 
diatrict and ragional supports. Tha analysis concludaa with policy 
implications. 
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* INTRODUCTION 

Microcoaputera have arrived on the •ducat ion acene. Thay hava 
« reached tha national education aganda through reporta of national 

coaaiaaiona (t.g., National Coaaiaaion on Excellence 1983); thay ara 
addraaaad in a aajority of atataa (aaa Taak Porea on Education for 
Economic Growth 1983, for exaaple); thay ara alraady praaant in a 
aajority of tha Nation'a achoola (Center for Social Organisation of 
Schoola 1983). in tha fiva years since thair introduction, 
aicrocoaputara hava apraad rapidly, antaring claaarooaa, achoola and 
districts in largaly uncontrolled, haphasard way a. Educatora and 
policyaakara now faca tha dual challanga of organising a aystaa that 
juat grav and of directing ita future growth. 

Microcoaputera belong to a claaa of technologically-baaed 
educational innovations whoae advocatea have historically claiaed that 
they would iaprove and even revolutionise schooling, (cf. , Paper t 1980 

• and Pogrow 1983). Other innovations in this group are instructional 
televiaion, radio, fila and videodiaca. The Boat extreae of the claiaa 
proaiaea that the technology will increase efficiency and quality at the 
a aaa tiae. The arguaenr runs that, unlike personnel, equipment (and the 
accoapanying prograas) repreaenta a one-tiae expenditure, doea not vary 
in quality, needa ainiaal auperviaion, and perforae when and where 
needed without fatigue. An additional claim for the newer technologiea 
aaaerta their superiority aa a teaching aethod over traditional 
whole-group inatruction by a teacher. Microcoaputera' interactive 
capability peraita aore flexible and individualised tutoring and 
teaching than ia usua lly poaaible in a c laaarooa. To realise the 
fullest extent of these proaises, aicrocoaputara need to be cloaely tied 
to curriculua end utilised in claaarooaa; in other worda, proponents 
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anticipate that microcomputers will be integrated in the curriculum and 
in tht school • 

Some participants in tht policy dtbttt about microcomputers dispute 
these claims, however, questioning the magnitude end scope of the chenge 
microcomputers cen actually bring. Tyack and Hansot (n.d.), for 
exemple, review pest technological innovations in schools and suggest 
k thet more moderere cleims may be more realistic. These euthors conclude 
thet the eveilebility of the technology in districts and individual 
schools historically neither guerenteed use nor produced the predicted 
revolution. Pew cost-effectiveness analyses of educetionel techonology 
exist, but results obtained by Levin, Glcss end Meister (1984) suggest 
thet c omputer-essisted instruction is not substent iel ly more 
cost-effective than some educetionel interventions for improving reading 
and math scores et the elementery level, end is less effective then 
others, such es cross-ege tutoring. Other euthors go so fer es to 
question proponents' assumption about the educetionel end social velue 
of microcomputers. Weisenbeum, for exemple, cells for a critical 
examination of this premise (Rosenthel 1983). 

the leek of consensus on whet constitutes appropriate end feasible 
implementetion of microcomputers in schools is complicated by the leek 
of empiricel evidence on the subject. Among the unresolved issues are 
concerns about equity of eccess end use (Hess end Miure, 1984, and Tyack 
and Hansot, n.d.). Other issues heve to do with the definition of 
microcomputer integration in the curriculum end identificetion of those 
fectors which contribute to successful integretion. 

This study exemines the use of microcomputers in an elementery 
school. It focuses on the implementation features that have influenced 
successful integretion; the goel is to highlight the policy variables 
and implicetions essocieted with this issue. The starting point of 
such an inves tiget ion--the definition of successful integretion— is 
problematic, however. t« searchers in this reletively new enterprise 
disegree on whet marks successful integration. The various definitions 
suggest different policy implicetions. Integretion could refer, for 
example, to the number of subjects end the number of different 
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applications (such as programing, drill and practica or simulation) for 
which the microcomputer is usad, or to tha nuabar of teactutrs and 
studants who us a it. Some researchers and practitionars distinguish 
batwaan microcomputer laboratorias and microcomputers in tha classroom, 
suggasting that aicrocoaputars outside tha classroom— in labs or 
hallways— "avoid tha challenge of integrating (thaa) into class rooms and 
curricula'* (Shaingold, Kane and Endrawait 1983, p.422). If intagration 
aaans that aicrocoaputars aust ba insida tha classrooms of aany taachars 
in a achool, than sufficient rasourcas and support to motivate and 
enable wide participation aust be coaaitted. And if integration also' 
aaans that aicrocoaputars aust be used in aany ways in aany subjects, 
then sufficient resources and coordination to curricula and software 
available aust be applied. 

Given the absence of a standard definition for the integration of 
aicrocoaputars in the curricula, a* working definition is necessary. 
Thia working definition assuaes that aicrocoaputars are located in 
classrooas and are an institutionaliaed or regular and continuing part 
of the school's operation (Beraan and McLaughlin 1972, p. 16). 
Successful integration of coaputers in the curriculum means the 
extensive use of computers in a variety of subjects and in a variety of 
applications, by a large proportion of a school's students and teachers. 
One expert has put it succinctly: "It's lots of teachers and lots of 
kids using computers in lots of ways" (L. Finkel, interview, 2/3/84). 

Microcomputers' nature as both technology and innovation determines 
the features of successful integration. These features then determine 
some of the policy questions and inform policy decisions about 
microcomputers at the site, district, region, state and federal levels. 
On the one hand, integration of microcomputers requires— as does any 
educational innovation — such local features as teacher commitment, a 
supportive administrator, and symbolic and concrete district support. 
On the other hand, integration of aicrocoaputars— as educational 
technology — also requires external support for the acquisition and 
aaintenance of hardware, evaluation and acquisition of software, and 
training of teachers, students and parents. Public sector agencies may 
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• hart the responsibility for providing this externel support, along with 
individuals and groups in tha private factor. 

Tha combination of technology and innovation in school use of 
aicrocoaputers places two additional features on the list of those 
accompanying successful integration. One derives from the effect of 
aicrocoaputers in the classrooa on classrooa aanageaent and 
student-teacher ra lationships. Integration of aicrocoaputers deaands 
policy to furnish the initial and on-going support to aeet those special 
needs. The second additional feature derives froa the fact that 
aicrocoaputers eabody both curriculum and instructional aethod. Policy 
at tha state and local levels should therefore address articulation of 
the subejct across grade levels and schools, as well as the preparation 
and certification of teachers. 

Baraan and McLaughlin's (1977) definition of effective 
iapleaentation adds one final feature with policy iaplications. 
According to thea, effective iapleaentation of any educational 
innovation occurs when "autual adaptation" occurs. Mutual adaptation is 
the process whereby the innovation shapes itself uniquely to the site 
and participants adopt new ways to acoaaoodate it (p. 5). Such a 
definition notifies policyaakers that a range or a variety of 
iapleaentations can be considered successful. This notion in turn 
iaplies that variability or local choice in iapleaentation features aay 
require a corresponding flexibility in policy prescriptions. 

Xn suaaary, aicrocoaputers share characteristics of other 
non- techno logical educational innovations, yet are different from thea. 
They also share soae traits with other educational technologies, yet 
differ froa thea as well. Like other educational innovations or planned 
changes, the aicrocoaputer innovation is not "self-executing" (Beraan 
and McLaughlin 1977, p. 12). Iapleaentation of computers implicates the 
whole aul ti-layered systea to which teachers, classrooas and schools 
belong (Beraan and McLaughlin 1977 , Bauchner et al. 1982, Fullan 
1982). Successful integration requires soae accoaodation, acceptance or 
action by parts of the systea at various tiaes. Like other educational 
technologies, the iapleaentation of aicrocoaputers relies on aachines. 



But iapleaenting aicrocoaputers and integrating Cham into tha curriculum 
aaan mora than aarely acquiring hardware, a common but erronoua view 
(cf. Pogrov 1983 who ainiaisat tha personnel and othar diaanaiona 
aaaociatad with hardwara). 

Succaaaful intagration is a complex organisational task. For 
axampla, tha tachnology raquiras sophisticstad maintenance and training 
paraonnal closa by dur ing usa (and not just during, training). Onca 
taachara aaatar operation of tha machina and usa it in thair classrooms, 
thair perceptions of tha classroom itsalf bagin to changa. One causa 
of tha changa ia that tha microcomputer become • a surrogate teacher for 
those students working with it. Not only does the machine represent 
another teacher in the classroom, but technically-adept students also 
act aa taachara for othar students, and acme times for the teacher as 
well. This type of changa can affectively altar classroom management 
from whole group to mora individualised instruction. This is a profund 
structural change, aimilar to that required for innovationa like 
individually-guided instruction. It may lie hidden behind the initial 
obatacle--or exciteaent--of siaply aastering tha machine. In othar 
t/ords, tha introduction of thia educational technology repreaanta more 
than a mare tool or an alternative mode of delivering instruction* It 
is a complex and demanding innovation with non-obvious consequencea for 
change. 

In the next section, tha featuraa which have contributed to 
Skyline'a successful integration of microcomputera (computers, 
hereafter) will be described drawing on but going beyond the literature 
of planned changa. After summarising thoaa featuraa, the policy 
implicationa will be discussed and further raaeareh will be auggaated to 
help aducatora and policymakers meat the challenges that intagration of 
computers in the curriculum poses. 

SITE SELECTION 

The K-6 elementary achool selected for this study, Skyline School 
in the South San Franciaco (CA) Uni fied School District, meets the 
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working definition of the successful integration of microcomputers in 
the curriculum. At the time of the study, spring 1984, the school's six 
•obi Is computers traveled to classrooms all over its campus, where all 
but ona of tha 25 taachars aithar uaad or intandad to usa tham, and all 
studants in tha uppar grMdas and soma studants in tha lower grades were 
getting some experience with them. Both Skyline's RSP (Resource 
Specialist Program, formerly Educationally Handicapped Program) teacher 
and TLC (Tutorial Learning Center) teachers regularly used computers, as 
wall. The principal has stated her intention that all 580 studants from 
kindergarten to sixth grade will learn to use computers. 

Computer use at Skyline resides in three principal applications 
and three vain subjects: programming, drill and practice, and computer 
literacy are the applications /and problem-solving, math, and reading 
and language arts are the subjects. Fourth, fifth and sixth graders nov 
all employ LOGO (a computer language developed by Sidney Papert for 
children which features a 'turtle 9 cursor) in problem-solving classes, 
while soma third graders (in the M top math" group) are also beginning to 
do simple programming with LOGO. Fifth and sixth graders also usa Bank 
Street Writer, a word processing program, for composing and editing 
language arts work. All students, including younger ones, use a 
variety of software for drill and practice in math, language arts and 
reading. The drill and practice takes the form of pussies, learning 
games and timed practice on topics such as math facts, sentence 
structure, punctuation, capitalisation, attribution, and, for tha very 
youngest, letter recognition and counting. In addition to programming 
and drill and practice applications, all, studants who use computers are 
required to use them properly, so they have all received some facility 
in what could be termed computer literacy. Kindergarteners, who use the 
computer only with a teacher attending, know less than fifth and sixth 
graders, who use them independently and have passed tests on basic 
computer care. Only after school— in free play or occasionally at tha 
Computer Club— do students use the computer for video games. The range 
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of subjects and applications, cha extent of caachar and ttudant 
participation, and tha presence of coaputers inside classrooas, suggest 
that Skyline has successful ly intagratad computers in tha curriculua. 
SETTING 

b on a cold but coaaanding risa abova tha San Francisco Bay, 
Skylina Elaaantary School claars a spaca for tha aain buildings and 
portables of its single-storey caapus, its front-yard parking lot and 
lawns, and its rear play area froa the rows of tract hoaes which cliab 
the windy hills all around. Skyline was built in 1967 and houaes 530 
students in kindergarten through sixth grade. Skyline's houses, its 
cars, its kids, all suggest aiddle class. The school fits, with the 
neighborhood in that, like the hoaes nearby, it is aodest and neatly 
kept. Whatever delicacy there is in the architecture of this typical 
California open-air plan is not visible froa the front parking lot. Yet 
tha tree at the crossroads separating the office froa the aulti-use 
building and half the classrooas froa the other half in an E-shapad 
design is very pretty. The school is clean and innocent of a single 
vandal's aark. 

According to the principal, 70 percent of the students at Skyline 
its Asian, aostly Filipino, with ten percent each of blacks, 
Spanish-surnaae and white. The striving blue collar white faailies 
which had aade up this coaaunity have aoved up and out— to aore affluent 
(and waraer) hoaes in the suburbs to the south. The new Skyline 
coaaunity is upwardly aobile. On the whole, parents of aost Skyline 
students work outside the hoae, they are eager for the education of, and 
any advantage for, their children. A number work with coaputers on the 
job, and soae have coaputers at hoae. The school coaaunity, although 
overwhe laingly coaposed of ainority faaiilies, is not poor, and no 
specially-earaarked funds coae to Skyline in that guise. 

The staff numbs rs 25 teachers who, by several job-sharing scheaes, 
fill the 22 classrooas, three part-tiae professionals (nurse, 
psychologist and speech therapist), and nine aides who, except for the 
English As a Second Language (ESL) aide, split their tiae aaong several 
classrooas each. Many have worked together at Skyline for a number of 
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years; for example, on* teacher hat taught there since the school 
opened. The principal, Barbara Loveless, has held that position for ten 
years, during which time no new elementary tea hers have been hired in 
the district. Except for student teachers, the regular staff ranges in 
ege from mid-thirties to low sixties with the average at 47 years. The 
women tend to wear skirts or dresses, or if slacks, not jeans. The one 
male teacher favors an elegant but understated casual style. Like the 
students and the computers, the teachers move briskly through the halls. 
DISTRICT CONTEXT 

It is "in tune with the distriw£ philosophy," as John Cradler, the 
district's Coordinator of Special Projects and Research, put it, to 
promote computer use. He cites the case of a former principal who 
insisted that computers be locked away in cabinets and who was replaced 
by an administrator interested in having them used. In a sustained 
period of reducing central office staff, the district is nonetheless 
moving aggressively to equio a 1 schools with computers and to train 
staff to use them. The district's success in acquiring computers and 
encouraging their use may be see-t in a comparison of statistics from 
January, 1982, and January, 1983. In 1982, the total number of students 
using computers was 1,086 in 17 schools; one year later, the number had 
more than tripled to 3,321. The district has allocated only $20,000 to 
$25,000 from internal funds to set up computer labs in each of the high 
schools, and has otherwise used external grant monies exclusively to 

attain this growth. 

The district has assigned administrative responsibilities for 
computers to John Cradler. Because of central office staff reductions, 
he also is the district administrator for grant writing, testing and 
staff development. Tn practice, he estimates that he spends up to 
one-third of his time ("and more all the time," he adds) in 
computer-related work and often puts his considerable grant-writing 
talent and staff development authority to work to support the district's 
computer program. He convenes the Computer Cadre, a district-wide 
committee organized in Movembner, 1981, whosepurpose is to articulate 
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teact *ng about computers within tha district, to review hardware and 
software, and to plan coaputer intarvica training. 

Tha coaaitsant to the use of computers and tha ralianca on out* id a 
funding for tha acquisition of hardware aay set the South San Francisco 
Unified School District in a special category of successful 
early-adopting eoaputar districts. It is special also in Cradler's 
grant-writing proficiency; between 1976 and May, 1983, he secured 
approxiaately $913,000 in coapetitive and categorical funding of which 
nearly $12 2,000 was allocated to the purchase of hardwara and software 
for the district. The State Departaent of Education has recognised the 
district's coaputer distinction by awarding it a grant in 1984 to 
identify the problem- solving skills in the State's adopted language arts 
curriculua and to aatch thea with appropriate software. Finally, the 
district is special because it contains Skyline School, whose principal 
and two of its teachers have worked closely with Cradler in developing 
special coaputer projects, offering training, and showcasing tha 
integration of computers in their .school. 
THE COUNTY, STATE AND FEDERAL CONTEXT 

The contribution of external agents to Skyline School's successful 
integration of coaputers is not trivial, and aay be an additional 
condition of the school's and district's specialness. San Mateo County, 
the State of California and the federal governaent have all aada a 
critical contribution to Skyline's status as a "preaiere" coaputer-us ing 
school, to use the designation of LeRoy Finkel, Instructional Coaputing 
Coordinator at the County's Office of Education. The County has 
supported Skyline's success by providing the services of both LeRoy 
Finkel and the coaputer technology center. Under Finkel' s direction, 
the County has bacoae the training center for the State's 14 other 
technology centers, featuring hardware displays, s software library and 
an evaluation review center, as well as a public doaain software 
exchange, SOFTSWAF. Sky line's chief or load coaputer-us ing teachers, 
Beverly Haailton and Beverly Say lor, who are known as "the two Bevs" , 
participate in County activities, and offer soae County inservice 
training sessions. Finkel hiaself advises the district's Computer Cadre 
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and acts as a mentor to tha laad teechert at Sky Una and throughout tha 
County. Ha meket a point of kaaping up to data and intoning laad 
taaehart of computer-related opportunities which might: interact them. 

Sky lint it loceted within a wall-known high technology area. The 
regional environment thut addt direct and indirect support to 
educational technology in tchoolt through induttry contacts, training 
opporCuni t iet in the community, and public awarenett and interett. For 
example, Cradler attendt new equipment training tettiont at Apple, a 
local company, and taaehart Hamilton and Seylor field tett toftwere for 
The Leerning Compeny, enother locel firm. The Stete elto indirectly 
tupportt information netvorkt in which Finkel, Credler end the Skyline 
leed teechert perticipete, tuch et Computer Uting Educetort (CUE), e 
ttcte-wide group which tpontort meetingt end publithet e periodicel. A 
lett formel but nonethelett powerful network it thet of the State 
Depertment of Educetion't computer experts, with whom Credler tervet on 
legitletive committiont. 

The mott importent tengible contribution of the Stete end federel 
government to Skyline' t computer tuccett it funding. Except for tteff 
teleriet end tome intervice treining, Skyline' t (end the Dittrict't) 
computer ectivitiet ere overwhelmingly peid for by Stete end federel 
grentt. Unlike non- techno logy beted innovetiont, however, the computer 
hardware purcheted with toft money remeint in the tchool once the money 
it tpent. Skyline' t firtt computer end ell other computert teve one 
ceme from Title IVB (now Chepter 2) of the Elementery end Secondery 
Educetion Act (ESEA), e federel program. The other computer, Skyline' t 
tecond, ceme ftom Sky line 't edoption of e Netionel Diffution Network 
project on tatting. The conclution of thet project left e computer, e 
printer end e double ditk drive et the tchool. 
SCHOOL CLIMATE 

At Skyline, one notes e unity in ttenderdt end behevior among the 
teechert. Thit it eccentueted by the centrelity of the teechert' room 
in the phyticel plent end in the interaction among tteff, for it it the 
piece teechert end principal gather before tchool end during lunch 
periodt. The teechett' room teble it the piece to bring doughnutt on 
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Friday, grttcing cards ona taaehar it tailing for a charity, and green 
cookiat in cha thapa of turtles (to call attantion to cha birthday of 
Sayaour Papert, foundar of LOCO) for public via* and consumption. Tha 
teachers' room it alto tha placa Barbara Lovalatt, tha principal, makes 
informal announcements , and where Bav Sty lor, tha taaehar with computers 
at har adjunct duty thit yaar, announcat tha arrival of computer 
paripharalt and make public recommandationt about new toftware. The 
tente of common purpose and common expactationt comet not from the room, 
but from a commonality of style and a familiarity the years together 
have produced. 

The uniformity embraces curricular priorities, organisational style 
and computer use. Principal and teachers make clear that reading and 
math are top priorities at Skyline, as they have bean for a number of 
years. With the growth of computer use at Skyline and the work of Bev 
Hamilton and Bev Saylor, now sixth and fifth grade teachers, 
respectively, problem-solving (which features LOCO computer exercises, 
among other activities) has joined reading and math as a 
school-designated priority. 

A single style, which can be characterised as traditional, 
describes classroom layouts, instructional methods and school decorum. 
Everyone at Skyline seems to take learning seriously. As students of 
all ages walk in order to departments Used reading and math ability 
groupings, and as bunches of from two to five children wheel the 
school's six to eight computers from room to room, one sees both energy 
and control. This impression carries into the classrooms, where the 
desks are invariably configured in rows but where students work alone, 
in pairs or threesomes, or as a whole class on learning tasks. A kind 
of no-nonsense love emanates from the principal and teachers to 
students, ranging from the cheerful affection of some to the feisty 
caring of others. The whole ambience commmunicates attantion to 
business without undue oppressiveness. 

The established order, routine and agreement facilitates 
communication among staff and the introduction of computers at Skyline. 
As one teacher noted, "Orderliness and system are universal. It's easy 
to exchange kids, anything. Basically, there are the sane rules, the 
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seme standards, for all teachers." Such norms ansura chat rules and 
schadulas for tha transport and usa of coaputars ara followed, but also 
facilitata tha exchange of ideas, such as thosa about coaputars, and tha 
flow of information, such as tha kind of on-going training that 
computer-using taachars raquira. 
TEACHER INITUTIOM OF COMPUTERS 

Coaputars caaa to Sky lint bacausa of tha indapandant intarast of 
thraa taachars, tha principal, and tha district's rasaarch and 
davalopaant officer. Around 1979, taachars Robert Daaico, Saylor and 
Hamilton all began taking coaputar prograaaing courses on their own. 
Like many teachers who started the seat way, the motivation included 
investigation into possible new career areas as well as curiosity about 
the capability of coaputars in education. The teachers continued taking 
couraes and began talking to the principal, Barbara Loveless, about 
coaputars. Aa Daaieo' s interest in learning levelled off, that of 
Haailton and Saylor grew. Daaico was able, however, to connect Loveless 
and the other two teachers to friends in the coaputer industry, who 
provided additional content for the woaen' s interest in school 
coaputers. 

In 1979 and 1980, Cradler's grant-writing prowass and tha knowledga 
and enthusiasa of Loveless, Haailton a d Saylor netted Skyline the first 
two of what by spring, 1984, becaaa seven Apple coaputers. Although 
initial funding was provided by federal ESEA Title IVB and Title IVC 
aonies, later funding for hardware has been supplied alaost excluaively 
by Title IVB. The first two coaputers saw service in classrooms: 
Haailton and Saylor developed and taught a computer literacy course 
using one computer and Damico used the other for computer-assistsd ' 
instruction. 

Hamilton and Saylor, with Loveless' s blessing, continued to work on 
other new projects. Starting in the spring of 1980, they offersd 
computer workshops for teachers and parents, and arranged to fieldtest 
software for several commercial groups and school agencies shortly 
afterwards. Over the past four years, they have offered three 
instructional series (each more than once and each open to the rest of 
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tht district at no cost to participant!): an introduction to 
aicrocoaputtrs, a BASIC programing court*, and a LOGO count. Thty 
tlto dtvtloptd t y tar-long problta- solving courtt for fifth and tixth 
grtdtt, uting LOGO ptptr tnd ptncil and coaputtr tasks tt t ctntrtl 
tt aching strtttgy. Htailton, Say lor and Lovtlttt tlto ptrticiptttd in 
tht district's Cotiputtr Ctdrt froa its initiation in lttt 1981, htlping 
to fraat tnd ctrry out its purpottt. Tht thrtt Sky lint woatn htvt 
continutd to ttrvt on tht Ctdrt but rtport thtt it attts lttt frtqutntly 
tnd gtntrtttt lttt coaaitatnt froa thta. With Crtdltr tnd othtr 
dittrict ptrtonntl, thty htvt tttrtcttd Stttt funding for t ntw projtct, 
Coaputhink, which providtt rtltattd tiat for thta to build on tht ir 
txptritnct with probity-solving tnd coaputtrs. 

Htailton, Say lor and Daaico took tht ltad aaong othtr Skylint 
ttachtrt who btgtn in 1982 to utt coaputtrt. Daaico foratd tht Coaputtr 
Club, tn tfttr tchool tctivity for fifth tnd tixth gradtrt, tt an 
tdjunct duty. Lovtlttt tnabltd Say lor, Haailton and othtr tttchtrt 
tccoaptnying thta to vitit othtr coaputtr-uting tchoolt. Ltrgtly at t 
rttult of tht tnttrpritt of thasa thrtt tttchtrt, Crtdltr't 
Microcoaputtr Survty for January 1983 shows thtt -Skylint had 19 tttff 
uttrt tt thtt tiat, out of t tottl of 74 tttff uttrt in tht dittrict' t 
tltvtn tltatnttry tchoolt. 
PRINCIPAL'S ROLE 

Barbara Lovtlttt htt thrtt qutlititt which atkt Skylint tuccttd 
with inttgrtting coaputtrt into tht curriculum: tht it innovttivt, 
tupportivt tnd pro-tctivt. "Sht liktt ntw stuff," rtatrktd Cradltr, who 
htt worktd with htr ovtr tht yttrt tht hat bttn in tht dittrict, 
including tht fivt yttrt tht wtt a curriculua contulttnt. And coaputtrt 
trt ntw ttuf f for htr. Stcond, tht it tupportivt, tn unprcapttd 
judgatnt voluntttrtd by fully two- thirds of tht ttachtrt iattrvitwtd. 
Ont tttchtr txpltintd thtt Lovtlttt not only tupportt tttchtrt 
gtntrtlly, but that tht ptrticultrly "backs up (tht two Btvs) tnd givts 
thta whtt thty nttd." 

Lovtlttt' t prot'tivity on bthtlf of coaputtrt atktt for a long and 
varitd litt of rttourctt tnd opportunititt providtd to tttchtrt. Atidt 
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from listening to her teachers on tht potentiel of computers and 
ectively stoking funding, she has done sobs "finagling" and aada "daals" 
with cha district offics to trada Old color televisions for now computer 
monitors, for example. She not only managed to acquire Skyline' s seven 
computers without taking it out of her site budget (unlike film 
projectors), but she also managed to avoid paying for computer 
maintenance out of her budget. She has also freed monies for the 
"dribbly" items like cables, adapters and fans the computers needed, 
which "nickel and dime you to death," she said. Working with Hamilton 
and Saylor, she has been able to capitalise on their outstanding 
computer work to restrict expenditures on software. She estimates that, 
in all, Skyline has spent only about $500 on computers, "forever, since 
we've had them." Loveless has also freed time for teachers to work on 
computer-related matters and to visit other computer-using sites, and 
has sometimes arranged to fund such fieldtrips and training. She also 
facilitates the continued functioning of the computer program in 
homelier and miscellaneous ways, such as taking yard duty for Bev Saylor 
when she ran into a problem hooking up the new printer scheduled for use 
in another classroom that morning. That the machines are stored in her 
office means that students and equipment truck in and out at the 
beginning and end of the day. Further, she has also allowed students to 
use the machines in her office after school, usually for play, while she 
does paperwork and intermittently banters with the four regulars. In 
these ways, she has identified herself as being for computers. 
COMPUTE! MANAGEMENT 

Computer management at Skyline is c learly demarcated and is a 
significant component in its success at integrating them in the 
curriculum. The management of computers necessitates active 
participation by the lead computer-using teachers and by students to get 
herdware and software et the right piece end on time consistently. It 
presupposes sufficient training, good re let ions end communication emong 
ell teechers end students, but requires a major commitment of time and 
good will from the lead teechers. In this section, these three releted 
issues will be treeted seoeratelv. 
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Laad Teachere 

In larga measure, Sky lint's computer aystem works because tha laad 
teachers, Hamilton, Baylor and, to. a Uaaar extent, Damico, aaka it 
work. Sky Una's coaputtr scheduling is dona by aithar Hamilton or 
Saylor aa a required adjunct duty in altarnating years. In this 
capacity, tha adjunct duty holder gathers and balances teachers' 
raquasts for computers and peripherels, publishas a schadula and 
coord inatas computer hardware, eoftware and tha studant computer aovars. 
She also allocates coaputars for taachars' usa at home on waakands and 
vacations, basad on taachar raquasts* Since, except for public doaain 
programs, individual software packagas ara copyrighted and a diskettes 
typically costs froa $30 to $40, schools like Skyline generally cannot 
buy too aany duplicates. Thus, keeping an adequate supply of software 
i,ad keeping track of it when teachers borrow it and forget to return it, 
axe also concerns for the teacher on adjunct coaputar duty. 

The adjunct duty holder aust adjust the schedule periodically 
throughout the year and abaorb feedback froa disappointed users'^ This 
year, for example, soae teachers have juat been added to the coaputer 
roster as they have become aore proficient and as the introduction of 
coaputars has coaa to aaka aoi < sense in their curriculum, e.g., they 
start later in the year with *irat graders. As deaand increases, the 
adjunct duty .holder inevitably hears coaplaints about the rationing. 
"Since I ma£e up the achedule," Saylor sighs, "I keep getting notes 
(froa teachers) saying, 'More tiae. We need aore time.' But there is 
no tiae." 

The lead teachers all have expertise to handle ainor problem* with 
software and hardware which present aajor • tumbling blocks to novice 
users. All help, but the key troubleshooter is the adjunct duty holder. 
Before coaputers, teachers always used to call on Daaico, the sole aale 
teacher, when any aquipaant failed, but now they invariably call on 
whichever Bev is closer. Their expertise and encouragement are both 
considerable and well-known among staff. They are, in fact, the very 
people who taught most of Skyline's newer users almost everything 
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they know about computer*. "It roally helps to have tha two Bavt," 
• aid on a taachar. Most t ••chars made some similar remark, such •• "I 
wouldn't have dered try it without knowing Bav was close by to h«lp 

out." 

Hamilton's and Baylor's extraordinary a xpartisa represents a 
Special bonus for Skyline, saving money, providing more operating 
computers more of the time, and encouraging more teacher uaera. The two 
women have obtained Level I Apple repair licenses, and can replace worn 
chips or keyboard pieces on the spot* Other schools would have to send 
out such machines to the district's one-day a week computer repair 
person, whose hours the Superintendent's Cabinet mey increase up to 
full** time. The result is that teachers report feeling comfortable 
enough to experiment with using the machines in the first place, and 
have more of them "up"— avai labia to use—more of the time. 

Training 

The training which has facilitated Skyline's integration of 
computers must be seen as a phenomenon of several layers, with different 
layers for different groups of actors* The lead teachers and other key 
district actors participate in ont fit of training experiences, while 
the majority of novice teacher uiers participate in another, and 
students and parents in still others* 

The direct training for the majority of teachers consists of the 
early introductory workshop by the Lawrence Hall of Science mobile 
computer van and several workshop series by Hamilton and Say lor, all 
held at Skyline* Five teachers were taking the workshop held during my 
contect at Skyline; and two teachers had taken all three courses given* 
The principal estimates that most Skyline teachers have attended several 
computer workshops* In addition, some teachers have visited other 
schools or sites to see computers in use* The lead teachers encourage 
newer users to take computers home over weekends and holidays as part of 
their training, a policy designed to help them feel comfortable with the 
machines* That level of comfort, in which people feel free to "play," 
is at once the goal and the process for getting there* 
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The leed teechera' more sophisticated training indiraetly supporta 
tha training they in turn provida for nawar uaara. Thia mora 
aophiaticatad training eonaiata of tha laad taaehara' entrepreneur iel 
vantura into progressing, along with district, County and othar 
external iy- sponsored activitiaa. In tha diatrict, tha Computer Cadre 
■ekes treining and information about resources e reguler pert of its 
meetings. Other resources for the Bemilton, Seylor and Cradler include 
the County Office of Bducetion under Pinkel, sue tings and conventiona, 
and participation et the State level with CUE (Computer Using 
Educators, e teecher group). In eddition, the community et Urge 
provided the initiel impetus for the leed teechers, who first reed ebout 
computers in the mess media, attended progressing courses et community 
colleges, end had friends in local high technology firms suppl, \ig idees 
et criticel points. Further exposure to parsons 1 computers in their 
homes elso add a to the treining resources for this group. 

Training of parenta and atudenta in the locel community elao 
indirectly aupporta the integration of cemputera at Skyline. The 
populex aeriea Hamilton and Say lor have offered to parenta creete both e 

« 

climate of acceptance and expectetion for computer uae in the classroom. 
Student proficiency on (end enjoyment of) computera enhancea thia 
effect in two weya. Students motivate teechera to learn ebout computera 
and furniah a reeaauring secondary. source of expertise in the classroom. 

Substitute teechers report most strikingly how students motivate 
teechers to leern about computers. One seid, "I used to tell them to 
take thet thing ewey when they wheeled it (the computer) in. But I could 
aee the kida were ao disappointed." Mot only student good will, but the 
aubatitute'a ability to follow the day'a lesson plan would thua be 
jeoperdixed. Together, theae two forcea provide e powerful incentive 
for aubatitutea to leern ebout computera. (One to whom I a poke had juat 
become e full-time teecher et Skyline.) For teechera already in charge 
of their own classrooms, the preaaure from atudenta ia more aubtle but 
atill reel. 
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Students' tolt 

It it hard to •nviiion Sky 1 lot's successful integrction of 
coaputers without student help. Tho PTA (Pcrents and Teechers 
Association) donatsd soae of ths aoney for coaputer carts, but It Is 
students who fetch computers froa ons location tud deliver thea to^the 
nest— which aay occur up to five tlaes In any one day for any one 
aachine. They aske sure the coaputer wears Its stiff plastic jacket In 
the rain, and thaw* It Is lifted up steps Into the portable classrocas, 
guided gently over sills, and steered slowly around corners of walls and 
reaps. The coaputer aovers soae tlaes elso plug aachlnes In, load thea, 
end occasionally fix alnor probleas In the process. Heal It on and Saylor 
have, through their eccess to ell fifth end sixth greders In 
coaputer-based classes, trelned a cadre of upper-grade volunteer 
coaputer aovers. When parents agree, certeln students ere peraltted to 
aove coaputers throughout the school dey. Student training Is tied Into 
a lerger systea of rewords celled privileges which Include prises, but 
students seea to carry out the duty with elecrlty end without regerd to 
external rewards. 
TBACHI1 COMMITMIHT 

Teecher coaaltaent to the use of coaputers Is one of several facets 
In Skyline's successful Integration of coaputers. . It reletes In part to 
the initiative sll teachers— and not just the lead teachers— aust 
exercise in iapleaenting coaputers in their own clessrooas. It elso 
reletes to the positive eveluetion teechars give to coaputers when they 
heve evidence froa their own end others' experience that coaputers cen 
help end will tot hurt their progrea. Coaaltaent elso reletes to 
teachers' ecceptence of the physical and perceptuel changes in their 
clessrooas which flow froa the use of coaputers and which they aey not 
have anticipated. 

lerbere Loveless, the principal, cites the initietive component of 
teecher coaaltaent es the aost fundaaentel and essential feeture of the 
coaputer innovation at Skyline: 

It cosas down to personnel. You cen't lapleaent without steff 
or they'll buck you all the way. It has to coae from down up, 
not top down. If you coae in and tell thea, "We're going to do 
it," they'll rcy, "We don't went coaputers... Teechers coaait 
theaselves. 
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All Sky lint teachers readily admit that tha Hamilton, Say lor and 
Damico hava committed themselves to the integration of computers. 
Loveless contends that enough staff members are sufficiently committed 
to take over if one of the lead teachers left the school. 

Teachers at Skyline are committed to the use of computers because 
they see positive results. They call the computer "a good tool," and 
"good reinforcement for the basics." One teacher in the Tutorial 
Learning Center crowed, "The computer can drill kids to death, but they 
don't mind." temoving the "drudgery" of learning, as another teacher 
put it, compensates both students and teachers. Moreover, these 
teechers appreciate the "good habits" and respect for property children 
acquire in working with the computer. Universally, what teachers like 
best about the computer is that students like it. "Kids get more out of 
it and they love it," said one teacher; said another, "I can't think of 
any kid who doesn't like it. I haven't heard any complain." 

Another feature teachers at Skyline like about computers is that, 
for the most part, the acqui si tion of hardware and software through 
grants and donations has not pre-empted expenditures on other things in 
the site budget. Both principal and teachers speak with regret about 
time limitations in the school day that preclude doing more, but they 
generally seem to feel that computers do not deprive them of other 
material things. Loveless coordinates the distribution of discretionary 
funds through a democratic process, which teachers perceive as 
equitable. Not that there hasn't been "a lot of petty jealousy over 
the use of special funds for equipment, but Loveless points out that 
teachers who object do not realise that those funds are restricted in 
any case. 

The presence of even one computer in the classroom changes not only 
the physical space, but also changes the nature of control the teacher 
exercises~-and teacher acceptance of the latter change is a profound 
index of acceptance, and integration, of the innovation. One teacher 
said she had to get used to allowing students to work on the computer 
and not work with her. Another touched on the same phenomenon but 
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stressed the freedom tht computer gave htr to work with other groups of 
students. Thtst altered perceptions of classroom control ara not among 
tha first things to which taachara attend whan contemplating and 
laarning how to usa computers. They confront instead tha mystery of tha 
ma china, and only as thay implamant cemputars in thair classrooms, do 
thay coma to raalisa tha othtr, lasa obvious, mora profound consequences 
of its usa. 
SUCCESS 

Tha consensus at Sky lint is that tha integration of computers seems 
to be working, and the fact that it works, helps it work even more. 
Over time, more and more teachers try and succeed at using computers in 
lit classroom. They are motivated to try this innovation because 
colleagues around them have tried and succeeded, because two 
outstandingly successful colleagues (who are gaining more and more 
attention within the district, the County, and even at Stanford 
University) are encouraging them to try, and because the principal puts 
resources and opportunities before them which also encourage them to 
try. Moreover, the principal has not truncated the time period in which 
teachers must make an effort to learn. The combination of an open-ended 
time line, a strong expectation from the principal, the district, 
parents, and students—all of whom are for computers— that teachers 
will try, and the provision of necessary resources also contribute to 
Skyline's success. Only one teacher has discontinued using computers in 
her classroom. The overwhelming experience of the others favors 
continuing and increasing their use of computers in the classroom. 

This is not to say that there are not problems and annoyances 
connected to the successful integration of microcomputers in the 
curriculum. Malfunctioning machines, straying software, scheduling 
disappointments and missed appointments are among them. The fact that 
they are valuable public property, so teachers or other responsible 
adults must be on duty when they are being used is an inconvenience 
attendant on their successful use. But these features do not cloud the 
favorable response computer integration has evoked at Skyline. 
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SUMMARY OF FEATURES 

The successful integration of -coaputers into the curriculua «t 
Sky lino- -where lots of teachers and lots of students us a coaputar s in 
lots of ways --is owad to a nuabar of factors. Ths school* tha 
district, county, state, and federal governances and the public 
environaent foster it. The principal endorses it and actively* 
iaaginatively and patiently proaotes it. The school and district 
contain extraordinary people: the two Bevs, with their treaendous 
initiative, expertise and altruisa; Loveless, with her strong leadership 
in support of teachers and coaputers; and Cradler with his 
officially-sanctioned toaaitaent and hisgoldea grant-writing touch. 
This talented group has a us tared the hardware, software #nd training 
opportunities to provision tha whole of Skyline. They have had the 
advice and encouragement -of another extraordinary actor, Finks 1, • at the 
county level. In addition, they capitalised on cheap or free resources, 
such as student labor and PTA-donated carts, which, help coaputers work 
throughout the school. And the c caput er innovation was aoldad to fit 
into Skyline's existing curricular priorities. The addition of 
problea-solving extends, but does not change Skyline's eaphasis on 
basics. The uniforaity of style and standards throughout the school and 
stability within the faculty foster the trust and coaaunicatioh which 
have contributed to the successful integration of coaputers at Skyline. 
Teachers see the utility of coaputers and are coaaitted to incorporating 
thea in the curriculua. Hot only is the expectation for participation 
there, but so are the aechanisas to back it up. Success with coaputers 
at Skyline breeds aore success. 
POLICY IMPLICATIONS 

That Skyline successfully integrates coaputers into its curriculua, 
by the working definition which has guided this discussion, cannot be 
doubted. But the policy considerations about the genera Utility of 
their success open another set of questions* Which are the tutors that 
are aaenable to policy aanipulation? Or, if one or another eleaent were 
aissing froa Skyline, would coaputers still work as well there? Would 
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the complete ate of factors product the same result in another school, 
in another county, at another time? 

An initial observation if that the factora are not independent of 
each other. The extraordinary people worked together, and were the 
agents through whoa material was acquired and training for the majority 
of teachers was made possible and attractive. A second observation is 
that the amount and type of resources, and the relative ease witl* which 
they were acquired may have been specific to that location and tine* 
Sky line' s col lection of seven computers (and sometimes nine) and a 
considerable library of software without major outright expenditures for 
either may be a function of its \arly prominence and experimentation 
among computer-using schools. New funding sources may develop, but some 
funding sources either will be depleted or diminished when a large 
number of schools petition to use them, too. Secondarily, Skyline's 
location near the heart of the electronics industry may also have made 
available resources and opportunities that other schools may not be 
positioned to get. Quite possibly, the initial training opportunities 
for the teachers who have so stamped computer use at Skyline would not 
have been as plentiful elsewhere, nor might parents have been as 
receptive to computer-based learning. When a second generation of 
schools begins to acquire training, equipment and programs to resemble 
Skyline's, it is possible that the level and quality of expertise in 
those schools will never really reach that of Sky line and other 
early-adopting schools whose extraordinary teachers had the 
entrepreneurial drive to explore, experiment and create. 

Policy implications of achieving successful computer integration on 
the Skyline model extend beyond the school site to the district and the 
region. Questions such as those pertaining to hardware and software 
acquisition and adequacy, articulation of the curriculum, and provision 
of training, maintenance and on-going technical help, require answers 
from policymakers outside the local school. Policymakers at all levels 
must decide at what level the responsibi litiei for governance and 
finance lie, and what mechanisms best respond to the needs, and how 
coordination among levels may best be achieved. 
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Beceuse integrating coaputers in the curriculum aeans incorporating 
both a subject in tha curriculum and an instructional sat hod, one sat of 
policy is#uas involves regularising pedagogical practices around 
coaputers. On the one hand, regarding coaputers as content raises 
questions about articulation within and aaong schools as well as 
districts, and about certification of coaputer teachers. On the other 
hand, regarding coaputers as instructional aethod raises questions about 
optiaal ratios of students and teachers to coaputers, the aaount of tiae 
students should be alloted on various coaputer applications, and the 
types of tasks for which this aode of instruction is best suited. 

Another set of policy issues involves provision of technical 
supports for coaputer integration and should also be addressed at local 
and regional levels. Where, when and what kind of training should be 
offered, and how should the costs be distributed? What degree of 
hardware aaiatenance support should be provided and over how aany 
classrooas or sites can it efficiently be spread? Similarly, what 
should be the service area of a software library and how should software 
evaluation be organised and sponsored? Within a site, a district or a 
region, what kinds of user networks, formal and inforaal, are needed to 
sustain and support the inforaation and associational needs of lead 
coaputer teachers? What agency should convene or sponsor thea, and in 
what way? 

A final set of policy issues involves the foraalisation of roles 
within the site and district which contribute to successful integration 
of coaputers. Should job descriptions of lead teachers be altered to 
reflect their additional or differs duties? Siailarly, in what ways 
should roles of key coaputer •tu.' -cs be recognised and variances in 
their progrsas or schedules be aade? In what ways should parents 
participate in the coaputer innovation? For cxeaple, will the district 
provide training for parents or supervise lending of coaputer equipaent 
to students' hoass overnight? 
FUTURE RESEARCH 

These and the questions listed above represent soae of the policy 
issues iaplicated in th» integration of coaputers in an eleaentary 
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school curriculum. Not all factors which contribute to successful 
integration ara subject to policy manipulation, although even some of 
the apparently most natural and spontaneous, such as lead teachers (whom 
Sheing^eld et al. 1983 label "computer buffs"), may turn out to be 
common enough that some way of creating them may eventually be found. 

Other questions also remain. What' are the universal or essential 
features for successful integration of computers? Do these features 
change from elementary to junior to senior high schools? Can a "second 
generation" of computer users match the performance of the first 
generation of early adopters? How much tolerance exists in the range of 
eny of the necessary features? For example, what happens when the local 
site or district, or parents fund the majority of hardware purchases? 
Whet difference does it make if there are enough computers so that every 
teecher always has one, or few enough so that some teachers rarely have 
one? What will further refinement in the state of the art in computers 
or the development of newer educational technology mean for the 
integration of computers in the curriculum? 

This study of successful integration of computers in the curriculum 
of an elementary school provides one case to corroborate findings from 
the research on planned change and to suggest new insights about the 
implementation of educational technology. Further research and the 
passage of time are necessary to answer the additional questions raised 
and to determine the extent to which the findings of the study may be 
generalised. Computers have arrived on the education scene, but 
further research and experience will have to determine their impact and 
staying power. 
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APPENDIX: METHODOLOGICAL NOTE 

'Although the whole study eabreced interviews with several experts 
end visits to two edditionel successful coapute reusing schools in other 
districts, this peper reports only bservetions end interviews et Skyline 
Ilewcntery School in the South Sen Frenciseo (CA) Unified School 
District. - 

Skyline vn selected from among three sites within the county 
adjacent to Stanford University that LeRoy Finkel, Instructional 
Computing Coordinator in the Sen Mateo County (CA) Office of Education, 
nominated as successful. On the besis of his recommendation, Skyline's 
principal. Barbara Love less, welcomed me end permitted me to "vender 
eround end telk to people" there. Over seven deys in e five-week 
period, approximately 26 hours were logged in contect with the site. 
Contacts included forme 1 interviews with the principal, the district 
reseerch end development officer, end seven teechers (some more then 
once), as well es observations of computer use in eight classrooms and 
in three auxiliary settings (efter school in th|f principal's office, at 
the Computer Club, end et e teacher training jporkshop). Other contects 
included informel interviews during observetions elong with 
conver set ions in the teechers 1 room end et other locetions eround the 
school. 

Kindergarten end third through sixth grede classrooms were 
observed, es well es the ISP (remedial) room. Student use in observed 
clessrooms renged from one child to groups of three to four children et 
e single computer to whole clesses of up to 23 children using nine 
computers. In one inetence, two children end e teecher were stetioned 
together et the terminel for e kindergerten lesson, end in enother 
instence, the ISP teecher end ell eight students worked et one computer. 
App licet ions covered computer programming, drill and practice and, only 
at the Computer Club, video games. Subject matter observed in computer 
use included prob lem~so lving using LOGO (e computer lenguege with e 

f turtle 1 cursor), math and lenguege arts. 
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